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® Processes for the preparation of saturated alcohol derivatives and their use In detergent 
plasticizen and syntfietic lubricant formulations. 

@ TWs invention relates to processes for making biodegradable surfactant Tiie process comprises several 
steps including an optional step. The first step Is directed to reacting olefins with ZSM-23 catalyst to fonn 
oligonters having the formula (C))^. (Ca)^ or mixtures thereof. Second, the oligomer is hydroformylated to form a 
saturated alcohol, for example, tridecanol. Next the saturated alcohol is ethoxylated. Thereafter a nontonic 
biodegradable surfactant is recovered. This surfectant can be used in detergent formulations. A process is also 
taught for making esters which can be used as lut)ricants or plastictzers. A specific hydroformyiation process is 

^taught which utilizes modified cot»ait carfoonyl catalyst Also, a specific ethoxylation proc^ Is taught Products 

^formed according to the latter two processes as well as their uses are also taught 
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PRCX^ESSES FOR THE PREPARATION OF SATURATED ALCOHOL DERIVATIVES AND THEIR USE IN 
DETERGENT; PLASnCCER: AND SYNTHETIC LUBRICANT FORMULATIONS 



10 



IS 



30 



3S 



40 



SO 



THIS INVENTION relates to processes for the preparation of saturated alcohol derivatives and their use 
in detergent plastidzen and synthetic lul)ricant fonmulations. More particularly, this invention relates to the 
preparation of nonionic tridecanol-ethoxylates and anionic tridecanol-ethoxylate sulphates. 

According to one aspect of this invention, there is provided a process for the preparation of a saturated 
alcohol derivatives, which process comprises: 

(a) reacting propylene andor a tMtylene over ZSM-23. as catalyst to form an oligomer 

(b) hydroformyiating the oligomer to form a saturated alcohol; and 

(c) ethoxylatfng or esterifying the saturated alcohol. 

This invention also provides a process for the preparation of an ester of such an ethoxyiated suturated 
alcohol, which process further comprises. a process for the preparation of an ester of the ethoxyiated 
saturated alcohol defined above, which process further comprises: 

(d) sulphonating the ethoxyiated saturated alcohol. 

ZSfA'23 is a medium pore reoGte the crystalline structure of which has a characteristic X-ray diffraction 
pattern which is (fisclosed in U.S. Patent No. 4.078.842. The shape-selective oligomenzation polymenzation 
ZSM-23 catalysts prefemed for use herein include crystalline aluminosilicate zeofites having a silica-to- 
alumina molar ratio of at least 12. a constraint index from 8.to* 10. and add cracking activity (alpha value) 
from 10 to 300, A suitable shape selective medium pore catalyst for fixed bed is a small crystal H-ZSM-23 
zeolite having alpha value of about 25. with alumina binder in the form of cylindrical extrudates from 1 to 5 
mm. The prefenred catalyst consists essentially of ZSM-23 having a crystaime size from 0.02 to 2 microns, 
with frameworic metal synthesized as galk>sificate. fenrosiBcate, andw aluminosilicate. These zeolites have 
a pore, size of 4.5 x 5.6 Angstroms, such as to freely sorb normal hoxane. In addition, the structure must 
provide constrained access to largm- molecules. 

It is generally understood that the proportion of internal acid sites relative to external add sites 
Increases witii larger crystal size. However, the smaller crystallites, usually less tfian 0.1 micron, are 
preferred for diffusion-controlled reactions, such as oligomerization and polymenzation. Accordingly, it may 
be required to neutralize more than 15% of the total Bronsted add sites by chemisorption of a t»asic 
deactivating agent 

The degree of steric hindrance should also be considered in ttie choice of ttie basic nitrogen 
compounds, espedally the bulky taialkyt pyridine spedes having aUcyl groups of 1 to 4 cartjon atoms. 
Although the selected wganomtrogen compound must be bulky enough to prevent mfu^on of said 
compound into the intemai pores of the catalyst, excessive stenc hindrance may prevent effective or 
complete interaction between the surface Bronsted add site and the selected basic species. 

Catalysts of low surface activity can be obtained by using medkjm pore, shape selective ZSM-23 
zeoKtes of small crystal size that have been deactivated by one or more trialkyi pyridme.compounds. such 
as 2.4.6-colKdine f^4.6-^rimetflvl pyndine, gamma-colDdine). Those compounds all must have a minimum 
cross-section diameter greater than ttie effective pore size of ttie zeofrte to be treated: that is, greater than 5 
Angstroms. ' 

When propylene or butene are oligomerized according to processes descnbed herein, a unique mixture 
of fiquid hydrocartMn products is formed. More partfculariy. this mixture of hydrocartxHis may comprise at 
least 95% by weight of mono-defin oligomers of the empirical formula: 

wherein: n is from 3 to 4; and 

m is greater ttian 1 to approximately 10. 

Desirably, the moncholefin ofigomers comprise at least 20% by weight of olefins having at least 12 
cartwn atoms, tire olefins having at least 12 catton atoms having an average of from 0.80 to 2.QQ . 
preferably less ttian 1.4. mettiyl side groups per cartDon chain, ttie olefins not having any side groups ottier 
than methyl. 

It will be understood ttiat mettiyl skJe groups are mettiyl groups which occupy positions ottier ttian ttie 
terminal positions of ttie first and last (i.e., alpha and omega) carton atoms of ttie longest cartxjn chain. 
This tongest cartxjn chain is also referred to herein as ttie straight backbone chain of ttie olefin. The 
average number of mettiyl side groups for ttie C-2 olefins may comprise, any range witti ttie range of 0,80 
to 2.00, for example, from 0.80 to 1.90: from 0.80 to 1.80; from 0.80 to 1.70; from 0.80 to 1.60: from 0.80 to 
1 .50: from 0.80 to 1 .40; and from 0.80 to 1 .30. 

As an example of branching, ttie dodecene fraction prepared from propylene and ZSM-23 [ZSM23- 
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dodecenesj typically has 1.3 methyl brandies. This can be reduced to 1.0 or less by varying reaction 
conditions. This compares favorably with dodecenes prepared from propylene and conventional Bronsted or 
Lewis adds wfu'ch typically have greater than 3.0 methyl branches. 

The^ oligomers may be separated Into fractions by convantional distillation separation. When pro- 
5 pylene is oltgomenzed, olefin fractions containing thia following numbers of carbon atoms can be obtined: 6. 
9. 12. 15. 18 and 21. When butene Is oligomerized, oleifin fractions containing the following numbers of 
carbon atoms may be obtained: 8, 12. 18, 20, 24 and 28. It Is also possible to oligomerize a mixture of 
propylene and butene and to obtain a mixture of oligomers having at least 6 carbon atoms. 

One use of olefin oligomers described herein, particularly C12 ♦ fractions, is an detergent alcohols. The 
10 lower carbon number fractions, particularly Cs-Ctz. makinQ good intenmediates for maJdnq plastidzer 
alcohol s. The projected low cost of the ZSM23-oteffns. which arises from uang a refinery 
propylene/propane stream as their starting material, makes them economically attractive. Thus, the 
combination of cost and structure make ZSM23-olefins possible starting materials for biodegradable 
surfactant alcohols and high performance plastidzer and lubricant alcohols. 

w Hydrofbrmylatlofi, a rhodium or cobalt catalyzed addition of caxton monoxide and hydrogen gas to an 
defin. tvpfcallv produces aldehydes . However. Slaugh and Mullineaux discovered that hydroformylalions 
using complexes of tri-n-butyiphosphine and cobalt carbonyl catalyze the conversion of olefins directly to 
alcohols (i.e.» the Initially formed aMehydes concunrentfy hydrogenate). Also, the new primary akx>hol 
functton (-CHa-OH) bonds predominately on the cartjon chain-end. This penmits using a variety of internal 

20 defins as feeds, because they isomerize to a teoninal position before hydroformylating. Chain-end 
hydrofonmylation maintains akxhol linearity whteh applicants have discovered is Important for making 
biodegradable surfactants. In contrast rixxfiunv-based catalysts do not promote olefin tsomerixation. and 
hydroformylation occurs predominately on the original double bond. 

In accordance with the invention, the hydroformylation Is suitably effected with a catalyst comprising a 

2S phospWne Rgand and at a temperature sufffclent to promote the fonnation of the alcohd wh ile retarding 
formation of the paraffin. Preferably, the phosphine ligand comprises tributylphosphine or a substituted or 
unsubstituted phenylphosphablcydononane: for example, a 9-phenyl-9-phosphabicydo [4.2.1] nonane. ^ 
phenyl-9i)hosphabicycto [3.3.1] nonane or a 2A6.6,-telramettiyl-1-phenylphosphabicydononane. 

The hydrofbrmylation is preferably effected at a temperature less than 160 *C. preferably less than 

so 135*C. 

The alcohol so produced preferably comprises a C10 to Cis alcohol, espedally tridecanol. This alcohol 
may then be ethoxylated in known manner, for example with thoylene oxkfe with an alkali metal alkoxkto as 
catalyst or esterfied to form a carboxylate or sulphate. Preferred esters, as lubricants , are adipates which 
may have^ a vlscpdty index of atXHJt 159 and phthaiates. as plastidzers . which may have a pour point of 
35 about -54* C. 

In accordance with further aspects, this invention provkJes a detergent which comprises, as biodeg- 
radable surfectahtM a noitionic Cio to 0*$. preferably Ci3. aknhol ethoxylato or sulphato or an adodc C<o 
to Ci«. preferably Ci3, alcohol ethoxylato su^ato as herein prepared, or a salt ttiereof. This inventton also 
provides a plastidzer and a synthetic lubricant comprising an eister as herein prepared . 
40 This invention further provides the use, as a surfactant lubricant or plastidzer. of a saturated ak^ohol 
derivative wherein the saturated alcohol is prepared by reacting propylene and'or a butylene over ZSM*23 
to form an oligomer; and hydroformylating the digomer. 

This invention is further illustrated, by way of example, with reference to the accompanying drawings in 
which: 

45 Rg. 1 shows yiekis for tridecand preparation by hydrofonnylation with ZSM23-dodecenes; 

Fig. 2 shows promotion of CO insertion and alcohd synthesis; 

Fig. 3 depicts mechanisms tor paraffin formulation; 

Rg. 4 depicts QLPC's of two akx)hol-6thoxylates as either acetato esters; 

Rg. 5 summarizes sdl removal data for phosphorus built Hquld; 
so Rg. 6 summarizes sdl removal data for inbuilt liquid; 

Rg. 7 shows dodegradation data; and 

Rg. 8 shows absolute tridecanol biodegradation. 
The fdtowing Examples Illustrate the Invention. 



55 



EXAMPLE 1 



3 



EP 0402 051 A2 
Tempefafaire. Pres^re. and Catalyst Effects on Tridecanol Yield. 



Using 2-level factorial designed experiments, applicants hydrofbrmylate Z$M23-dodecenes and mea- 
5 sure tridecanol yield white varying temperature (140* to 180* C). pressure (200 or 10(X) psig). and catalyst 
which is either a mixture of octacarl)onyldlcot)alt and tri-n-butylphosphine or [Co(CO)3PBu3]2. In* the 
factorial design. appOcants Incorporate tjoth mid-point experiments (160* C, 600 psig. using both catalysts), 
and sutwequently, a stariX)int experiment (200* C. 1000 psig. using ICofCOhPBuaP as catalyst). The 
ZSM23-dodecenes had 1 J3 methyl branches on average, a calculated number based on analysis which 
10 showed 7% normal dodeceres. 69% monomethyldodecenes, and 24% polymethylated-dodecenes which 
are assumed to have 2.5 tn^nching methyl groups. Several reaction variables are held constant including 
mole ratio of hydrogm gas to carbon monoxide at 2:1. dodecene to cobalt mole ratio at and use of 
ffiresh catalyst for each batch with no recycle. Rgure 1 and Table 1 collect tte tndecanol yieWs which vary 
from 24 to 70% depending on conditions. The results are 
IS 1) Increasing temperature increases yield until leveling off at 180 ' + -20* C. 

2) Pressure between 200 and 1000 psig of the hydrofbrmylating gas (Hz CO mixture) has negligible 
effect on yiekl. 

3) As a hydroformylation catalyst, the physical mixture <rf [Co(CO}4]2 and PBu3 is inferior to [OXCOy 
3PBU3I2. 

20 Increasing temperatiro reportedly accelerates two side reactions, olefin hydrogenation and catalyst 
decomposition. At 180* + '20*0. the desired alcohol producing reaction maximizes. 

The relatively fiat yield response to pressure changes follows the trend Slaugh and Mullineaux 
observed. The upper and lower faces in Rgure 1 have average yields of 49 and 47%. respectively. 
However, within this relatively flat yield re^)onse. changing pressure causes two small but observable 

25 trends. With [Co(CX))»)2 and PBua as the catalyst precursors, yields 'decrease (29 to 24% and 50 to 41%) 
when going to higher pressure. With [Co(CO)3PBu3h as catalyst precursor, yields increase (44 to 60% and 
63 to 69%) when going to higher pressure. In the fbrmer, increasing pressure increases cartx3n monoxide 
concentration which presumably pushes equilibria away from (Co(CO)3PBu3]2- the precursor which hy* 
drogenates to active catalyst In the latter, increasing pressure also increases hydrogen gas concentration 

30 which presumably increases hydrogenation of [CoCCOjaPBujk to active catalyst Thus, depending upon 
catalyst precursor selection, changing pressure will cause small yield changes. 

Compared to tCo((»)3PBu3k. the mixture of (Cto(CO)*k and PBu3 is inferior as catalyst The 
experiments on the front fM» of Rgure 1 used the catalyst mixture and have an average yield of 36% 
compared to 59% for the rear. lCo{CO)3PBu3l2 must be synthesized. Applications hypothesize that (Co^ 

as (COhPBuah is an iniermedate along the path to the acthre catalyst HCo(CO)3PBu3. an observable spedes. 
and [C0(C0)3PBU3]2 forms in an equifibrium controlled reaction involving [Co(CO)«]2. PBu3, and cartjon 
monoxide. See. van Boven, M.. Alenr«3arougiu. N.H., Pennlnger, J.M.L. Hydroformylation with Cobalt 
Barbonyl and Cobalt Carbonyl-Tributylptw^ine Catalysts, Ind. Eng. Chem. Prod. Res. Oevei^., 14^4). 
259-264 (1975): Whyman, R.. In Situ Infrared Spectral Studies on The Cobalt C?arbonfi-<}atalyzed Hydrofor- 

^ mylation of Olefins, 66. C23-C25 (1974), all references hereby incorporated by reference. Thus, the 
PRESENCE of carbon monoxide inhit)its its formation: 
tCD(C0)4b + 2PBU3 -[CtoCCOhPBuak^ [Co(CO)4r + CO 

[CO(CO)3PBU3]2 + [C0(C0kh tC0(C0)3PBU3l2 +00 

OVERALL CCo(CO)*h + 2PBu3 - CCoCCOhPBuafe + 2CO 

45 Testing that hypothesis, appficanis heat a mixture of ((>)(CO)4l2, PBua, and 2SM23-dodecenes at 
110 C and atmospheric pressure in the at>sence of carbon monoxide. Applicants monitor reaction progress 
by infrared spectroscopy because the first-fonned product, the salt [Co(CO)3PBu3b'^ [CofCOkl". has two 
Intense absorption maxima at 1997 and 1885 cm-\ and (CofCOhPBuak has a single, strong absorption 
maxima at 1960 cm"'. See MirtMCh. M.F.. Mirt>ach. MJ.. Wegman. R.W.. Photochemical Ugand Dis- 

so sodatton. Electron Transfer and Metal-Metal Bond Cleavage of Phosphine-Substituted Cobalt Carbonyl 
Complexes. Oganometallics, 3, 900-903 (1984), hereby incorporated by reference. After one hour, the 
reaction solution containes only [CoCCOhPBusla 

To detennine ofrtimal tridecanol synttiesls. applicants charge an autoclave with [Co(COkl2.PBu3, and 
ZSM23-dodecenes. and heated it at 100 C and atmospheric pressure for one hour. Then, the autoclave is 

55 pressured to 1000 psig with a hydrogen gas-cartwn monoxide mixture and heated at 175* -180* C. Vacuum 
distillation (the usual isolation procedure) ^e tridecanol in 61% yield. This compares favorably to the 41% 
yield obtained without pre-rsaction heating (compare references 12 and 10 in Tabfe 1). and suggests that 
this two-component catalyst may give yields approaching 70%. the yield achieved using [CotCOhPBu^k- 
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Chafacterization of Tridecanols. 

The proton-NMR derived branching index, defined as the ratio of integrals for all methyl protons to all 
protons expressed as a percent indicates that these tridecanols had 1.4 branching methyl groups, nearly 

5 the same number of branching methyl groups In the 2SM23-dodecene feed. See /^rawal. K,M„ JoshI, 
Q.C.. Microcrystalllne Waxes. 1. Investigations the Structure of Waxes by Proton Nuclear Magnetic 
Resonance Spectrospocy . 31, 693 (1981). hereby Incorporated by referenceTThis implies that hydrofor- 
mylation created carbon-carbon bonds on methyl groups only, because no new branches are created. Id. 
For method to calculate the number of branching methyl groups from the branching index. Table 2 collect 

10 physical and spectroscopic data on ZSNA2a-tridecanol. 



Characterization of Recovered Cia's. 

fs Not surprisingly,- the cobaitcarbonylphosphine catalyst which readily hydrogenates aldehydes to al- 
cohols, also hydrogenates olefins to undesired paraffins. According to Slaugh and Mullineaux. paraffin 
formation, which typically averages 10-20%. increases with increasing reaction temperature and olefin 
branching. In an extreme case, hydrofbrmyiation of isobutylerie gave 43% of isobutane. Applicants analyzed 
ttie irecovered Ci2 fraction from the 70% tridecanol yield hydroformytation (reference 1 1 in table 1) looking 

20 for olefins and paraffins; this data aids in detenmining whether tridecanol yield can exceed 70%, 

Proton NMR, '^c NMR, and bromine number determinations establish that the recovered C»2 fraction 
contained greater than 85% paraffin and less than 5% olefin. Two methods, infrared spectroscopy and 
GLPC analyses, failed. Presumably, this dilute olefin mixture of multiple isomers, each having relatively 
weak absorbances (C=C stretch, =OH bending for tri-substituted olefins), kept the signal buried In the 

25 spectra's baseline. GLPC failed because of the mixture's complexity even when starting with a sul>-ambient 
temperature program on a 50 meter capillary column. 

The reiatrveiy high paraffin yield from these reactions (approx. 25%) indicates that tri-substituted double 
bonds, or di-substituted olefins that rsomerize to tri-substiftjted olefins, readily hydrogenate. Assuming a 
methyl group is one of three substituents on these tri-substituted olefins, double bond isomaization toward 

so the methyl carbon and addition of cobalt hydride (the active catalyst) would give an intermediate structurally 
similar to that tbnmed durfng hydroformylation of tsobutylene. Like isotnitylene. the relatively high paraffin 
content probably results from structural features of these methyl-branched ZSM23-olefins. 

Hydroformyiating ZSM23-dodecene with phosphine modified cobalt carbonyl catalyst, gives tridecanol 
in approximately 70% yiekl. The t>alance Is mostly paraffins formed by olefin hydrogenation. 

35 

Bcperimenlal 



40 

Instrumentafion: 

Infrared spectra are recorded on a Peridn-Bmer 283 infi'ared spectrometer using a 3 minute scan. NMR 
spectra are recorded on a JEOL FXSOQ using deuterochlorofbrm as solvent and tetramethylstlane as an 
45 internal standard fbr proton spectra. Qli>C is done on a Shimadzu GG-9A fitted with a 50 meter by 0.32 
mm ID WCOT fused silica column coated with CP-SL 5GB. Row rate is 1 .8 cm sec at 0.4 bar inlet pressure. 
Initial temperature Is 60*0 (except for the sub-ambient runs at-15'C) which is hekf for 12 min and then 
heated at 15* C'min until reaching 255* 0 where it Is maintained for 41 minutes. Injection port is maintained 
at 300* C. Detector is a RO. 



Raw Materials: 

ZSM23-dodecenes are used as received. The dodecenes having 1.3 methyl branches per C z 
55 consisted of 85% Ci2, 5% Cm-, and 10% Cia-^. The 2:1 volume mixture of hydrogen gas and carbon 
nrjonoxide are both CP grade. Aldrich Comical Co. supplied tri-n-butylphosphine. It is used as received and 
stored under a nitrogen gas atmosphere sealed by a syringe cap. Octacarbonyldicobalt is used as received 
from Morton Thiokol. Alpha Products Diviston. and stored in a freezer at 0* F. 
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General Hydrofofmylation Procedure: 

A 300 mL stainless steel pressure reactor (Autoclave Engineers) is fitted with a pressure regulated 
hydrogen gas-cartx)n monoxide delh^ system and vent with relief vaWe set at 1500 pstg. Reaction 

5 temperature is nionitDred using a thermocouple held in a thermo-well, and maintained using a controller and 
an electrical heater. The reaction solution is agitated at 300 rpm with a turbine agitator. After flushing the 
opened autoclave with nitrogen gas. dodecene (84 g, 0.5 mole) and either catalyst A or B is charged. 
Catalyst A conasted of (CoCCOhPBuat (8.63 g. 0.0125 mole) and tri-n-butylphosphine (0.6 mL 0.51 g, 
0.0025 mole). Catalyst 8 consisted of octacart)onyldicot)alt (4.28 g. 0.0125 mole) and tri*n-butylphosphtne 

10 (7.58 ml^ 6.06 g, 0.03 mole). In both catalyst A and catalyst B. an excess of tnbutylphosphine kept the 
cobalt complexed with phosphine. The excesses are 0.0025 and 0.005 mole for catalyst A and B 
respectively. The autoclave is sealed and pressure checked with nitrogen gas while agitating. The head- 
space is charged to lOOO psig with hydrogen gas-carbon monoxide, and then vented to the atmosphere. 
This is repeated five times to exchange the head-space gases. The reactor contents is heated at the 

IS desired temperatm'e until gas consumption ceased: the overall reaction is sllghly exothemnic. After cooling 
to room temperature, reactor contents are removed using a pipette. 

Isolatfon of. Tridecanol by Batch Distillation: 

20 

Distillations aie done using a glass apparatus consisting of a 2-neck. pear-shaped 100 mL flask, and a 
15 cm X 150 mm insulated Vtgreux column connected to a distillation head which contained a coM finger 
condenser and pressure equalizing stopcocks for taking fractions during vacuum distillation. Nitrogen gas is 
skiwly bled into the (fistiliatkxi fla^ through a sub^surface glass capillary tube fitted into one of the two 

25 necks. Nitrogen gas ftow is adjusted so the vacuum pump could maintain pressure at 0.54- mm Hg. 
Heat is supplied with a hoi air bath constructed from a mantle-heated beaker. Prior to distillation, the crude 
\\qua6 product is decanted from undissolved catalyst Distillation of the crude liquid gave paraffins and 
unreacted dodecenes which are collected from 26* to 85* C at 0.5 mm Hg. These foamed, but the Vtgreux 
column broke the foam and prevented tridecanol from being carried into this fraction. The Vigreux column is 

uo removed after the paralfirvolefin hacdon is collected. The fraction boiling from 95* to 140*C at 0.5 mm Hg, 
a water-white fiquid. is collected, weighed, and labeled as tridecanol. During redistillation, a center cut is 
coBectBd whk:h boiled at 81 * -83* C at 0.15 mm (1^). 

^ ^ NMR Determinatxyi of Branching Index and Branching Methyl Groups: 

Applicants select the deepest valley occuring near 1.0 ppm. most frequently at 1.1 ppm. and defined 
methyl protons as those appearing at higher field. BrarK:hing| Index (BO is defined as the ratio of integrals 
for all methyl protons to all protons expressed as a percent The total number of methyl groups in the 
40 motocule are calculated: 
■ Total Methyl Groups = [Bl * (n + 1)i'l50 
where n - number of cartxm atoms 

For the tridecanols. n was taken as 13. and chain ends are defined as methyl and CH2OH. Thus, the 
number of branching methyl groups are defined as: 
Branching Methyl Groups = Total Methyl Groups - 1 

Synthesis of [Co(COhPBu3h: 

50 This procedure foltows tfiat described by Manning and Forbus. but it contains more details and some 
minor improvements. See Manning. A.R.. Infrared Spectra of Some Derivatives of Octabarbonykjicobalt (A). 
1135-1137 (19^); Forbus. N.P.. Kinetics and Mechanisms of Substitution ReiBfons of Dicolbalt Octacar- 
bonyl, Ph.D. Dissertatkm. Uruverstty of Illinois. 22-32 (1980). hereby incorporated by reference. With 
nitrogen gas. purge a 2-neck. 500 mL round-bottom flask fitted with a reflux condenser. While sweeping the 

55 flask with nitrogen gas. charge approximately 300 mL of dry toluene. Alternative, evacuate the flask and fill 
with nitrogen gas. Repeat this 5 times to remove dissolved oxygen gas. Remove the octacarfoonyhjicobalt 
from the freezer and allow to warm to room temperature. Quickly weigh in the air octacartx^nyidicobalt (34.2 
^g, 0.1 mole) and charge to the reaction flask while purging with nitrogen gas. Using a synnge, charge tri-n- 
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butylphosphine (49.9 mL (40.4 g). 0.2 mole] into the reaction flask. Heat under reflux for 1 hour. Remove 
the toluene under reduced pressure, and collect the crude, deep-red [C^COhPBusk by filtration: mp eo'- 
SS'C; mp after recrystallization from toluene 99* -102*0 (reported mp 109*-11l *C), Store in a tightly 
sealed gas jar shielded from light. 

TABLE 1 



Reaction Variable Effect on Tridecanol Yield 


neierence 


Temperature 


Pressure 


RxTime 


Catalyst 


Yield 






(psig) 


(hr) 




(%) 


1 


140 


1000 


24 


{Co(CO)4p + PBu3 


24 


2 


140 


1000 


24 


tCo(CO)3PBu3]2 


60 


3 


140 


200 


48 


[Co(CO)4]2 + PBu3 


29 


4 


140 


200 


69 


[Co(CO)3PBu312 


44 


5 


160 


600 


42 


tCo(CO)3PBu3]2 


64a 


6 


160 


600 


42 


[(^(CO)4]2 + PBu3 


45 


7 


180 


200 


48 


[Co(CO)412 + PBu3 


50 


8 


180 


200 


48 


[Co(CO)3PBu3]2 


63 


9 


180 


1000 


24 


[Ck>(CO)3PBu3]2 


69 


10 


180 


1000 


48 


[Ck)(CO)4]2 + PBu3 


41 


11 


200 


1000 


48 


[Co(CO)3PBu3]2 


70 


12 


175-180 


1000 


24 


[Co(CO)4]2 + PBu3 


61b 


MotBs: 













a - minimum yield due to handling losses during distiliation. 

b - heated for one hour at atmospheric pressure in absence of cartran monoxide before 
adding Ha'CO. 



TABLE 2 



Physical and Spectroscopic Characterization of ZSM23-Tridecanol (1.4 

CHa/Cta) 


melting range 
density (25* C) 
refractive index 
elemental analyses (a) 

boiling point 

viscosity (cSt at 40* C) 
infra-red spectrum 

*HNMR spectrum 


-56to-34*C 
0.829 g/mL 

I. 4339 at 25* C 

CaJcd for Ci 3H28O: C. 77.93; 

H, 14.09; 0. 7.98. 
Found: C. 77.63: H. 13.78 
95-140* C at 0.5 mm (Hg): center 
cut 81-83* C at 0.15 mm (Hg) 

II. 59 

(neat) max. 3300 (OH). 2900 

(C-H).14«) and 1380 

(C-H bending), 1050 cm^' (C-0) 

(COCb) 3.62 (t 1*8H. J » 5.4 

Hz. CH2CH2OH). 2.0-1.1 (m. 18.8H, 

methylene and methine protons), 

I. 1-0.5 (m. 7.3 H, protons on methyl groups) 


Note: 



a - Oetenmined by Schwarzkopf MIcroanalytical Laboratories. Inc; Woodside. Mew 
Yori(. 
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EXAMPLE 2 



Impfoved Yield Of Tridecanol 



Above, applicants made tridecanol, a valuable surfactant intermediate, in 70% yield by hydrofonnyiating 
dodecene (derived from propylene and HZSM-23 catalyst). This reaction used tributyl phosphine modified 
cobalt carbonyl catalyst Here app&cants describe improvtng the tridecanol yield using phenyl- 
phosphabicydononane modified cobalt carbonyl catalyst Paraffin, formed by olefin hydrogenation. is the 
major by-product which reduces tridecanol yieW. Additionally, applicants wanted to compare alcohol yields 
us'ng this same catalyst and ^1 Chemical olefins. NEOOENE 1112 and NEODENE 1314. these olefins 
are feedstocks to NEOOOL 25. a commerical C«2-*s detergent alcohol. 

Phosphine structure significantiy affects hydrofonmylation including alcohol yield and linearity. See U.S. 
Patent 3.420.898: Tucd. E.a. Hydmformylating Tenninai Olefins, Ind. Eng. Chem. Prod. Res. Ctev.. 9. 516- 
520 (1970); Pru^ R.L. Smith. J.A.. A Low-PrBssure System for Producing Normal Aldehydes by 
Hydroformyiation of Alpha-Olefins. 34{2).'327-330 (1969). hereby incorporated by reference. Highly hln^ 
dered phosphines. such as 9-phenyl-9-phosphabicyclo-{4.Z1Jnonane (A). 9-phenyl-9-phosphabicyclo[3.3.1h 
nonane (B), and 2^.e.6-l©tramethyH-phenylphosphorinane (C), give least paraffin and most alcohol. 
Applicants chose to use phenyfphosphabicyclononane, a mixture of A and B. A free radical adtfition of a 
phospfui^ to an olefin gives phenyl-9i)h9sphabicydononane and similar phosphorus compounds. See 
Stiles. A.R-. Rust F.F^., Vaughn, W.E. The preparation of Organo-Phosphines by the Addition of Phosphine 
to Unsaturated Compounds. J. Amer. Chem. Soc., 74, 3282-3284 (1952); Rauhut MM., Cumer. HA. 
Semsel. A.M.. Wystrach, V.P.. The Rfw Radfcal Addition of Phosphines to Unsaturated Compounds . 26. 
5138^145 (1961); U.S. Patent 3,401,204; 3.502.730, hereby incorporated byreference. 



An improved hydroformyldtion of 2SM23-dodecene increased tridecanol from 70 to 89%. The 
ZSA423<fcxlecene came from oTigomeriang propylene over HZSM-23 catalyst and contained 1.3 branching 
methyl groups. The tridecanol yield equaled the yield from Shell's more linear, internal olefins (Table 4). 




A 



0 
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TABLE 4 



Effects Of Phosphine Ugand And Temperature On Tridecanol Yields 


REACTION CONDITIONS 


ALCOHOL YIELDS 


Ten)p*C. 


Phosphine 


P/Co 


FEEDS:. 


NEODOL 


NEODOL 


ZSM23-C,2 






ratio 




1112 


1314 


(1.4 CH3) 


180 


Bu3P 


1^1 




69 


69 


69 


180 


A+B 


ija'1 




88 


89 


80 


mieo 


A-i-B 






85 




89 



A combination using mixture A and 8 as the cot>alt catalyst ligand and a retativety bw reaction temperature 
gave the improvement A free racfical addition of phenylphosphine to 1 .5-cyclooctadiene gave the ligand. a 
mixture of A and 8 in a 2:1 ratio (67% overall yield). 

II II SESSiiS. A. an 




o 



Holding the hydroformylatlon reaction temperature at 135* C for 2 hours followed by 160* C for 48 
hours gave ZSM23-tridecanoi in 89% yield. The literature teaches that paraffin fbmiation increases with 
increasing temperature and branching. See U.S. Patent Hos. 3.329.566: 3.239.569: 3.2:^,570. Applicants 
observed that dout>le bonds isomerize more rapidly than hydrofbrmytate. Thus, applicants assume that the 
three competing reactions have their activation ef^ergies ranked as foHows: 
paraffin formation > hydrofbrmylation > double bond isomerization 

Using this assumption, applicants hypottiesize ttiat a very low initial temperature (135* C) mainly 
isomerizes the double bond to a chain end. This likely distances tiie double bond from methyl branches. 
Also, a relatively tow hydrofonnylation temperature (160* C) reduces undesired paraffin formation. The data 
in Table 4 for ZSM23-dodecene supports ttiis hypotiiesis. Interestingly, Shell's more linear, internal olefins, 
NEODENE 1112 and NEODENE 1314. have highest alcohol yields at 180* C and at a 1.2:1 phosphorus to 
cobalt ratio. For comparison. Table 4 also contains tridecanoi yiekls using n-tributyl phosphine as ttie cobalt 
figand. They are inferfor to the improved metfiod. 

Applk:ants p<^lato that increased steric bulk around tiie cot>alt favors mora atoohol and less paraffin. 
Bectronic factors however. Gkely make a small contribution to tills change. See Tolman. C A. Steric Effects 
of PhosphoniS Ugands In Oganometalltc Chemistry and Homogeneous Catalysis. 77(3). 313^348 (1977); 
Pruett R.L.. Smith. J.A.. A tjow-Pressure System for Producing normal Akiehydes by Hydrofbrmylation of 
Alpha-Olafins. 34(2), 327-330 (1969), hereby Incorporated by reference. Carbon monoxide inserton can 
occur from a 16 electron intenmedlato (one vacant bonding site) while an additional CO binds to ttie acyi- 
cobalt to maintain 16 valence electrons. Forming tiie acyl-cobaJt relieves steric strain in the 16 electron 
intemnediato by separating ttie phosphine ligand and olefin moiety (Rgure 2). According to tiie literature, 
hydrogenation occurs t>y either adcfing hydrogen gas and forming a dihydrido intermediate (path a, Rgure 
3) or inserting tiie cobalt into anotiier cobalt hydride (patii b, Rgure 3). The latter patii gives a btmetallic 
cobalt complex. In either patii. a congested IS-electi-on Intermediate precedes psuraffin formation. This 
increases hydrogenation activation energy relative to carbonylation. and.it results in less paraffin and more 
ateohol. 

Hydrofbrmylation of ZSM23<kxlecene gave tridecanol In 89% yiakl. Using 9-phenyl-9- 
phosphabicyctononane as tiie cobalt catalyst ligand and relatively low reaction temperatures increased ttie 
ateohol yieki by reducing paraffin formation. 



Hydroformyiation Procedure 
The general procedure is described in Example 1. Table 4 contains reaction conditions and reactant 
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and catalyst ratios. 



Preparation of Q-Phenyhg-Phosphabicyclononane 

5 

This procedure is a modification of Mason and Van Winkle's. See U.S. Patent No. 3.400.163. All 
glassware is dried at 120* C and assembled hot under a purge of argon. A 250 mL, 3-neck flask is fitted 
with magnetic spin t>ar. thermometer, reflux condenser, a rubber syringe septum, argon inlet, and 

to ftowmeter. The realtor system is purged overnight with argon flowing at 3 mLmm.. and then charged with 
redistilled 1.5^ck)octadiene (43.3 g (49.1 mL). 0.4 mole, density = 0.882 gmL from Aldrich Chemical 
Co.] and phenylphosphine [44.0 g (44.0 mL). 0.4 mole, density = 1.00 gmL from Strem Chemicals] while 
under a stream of argon. The reaction solution is heated to 135* C. Di-t-butylperoxide [1.46 g (1.8 mL). 0.01 
mole, density = 0.796 gmL. from AkJrich Chemical] is mixed with 5 mL of undecane and added with, a 

15 syringe pump over 1 hour while maintaining the temperature of the exothermic reaction at 135'-145'C. A 
second portion of ^di-t-butylperoxide (1.8 mL in 5 mL of undecane) is added rapidly, and the temperature is 
increased to 150* C and held for an additional hour. Periodic aJiquots, taken witfi a synnge through the 
septa, are examined by Infrared. spectroscopy, and the disappearance of ttie olefin band at 1645 cm"' and. 
the P-H band at 2300 cm"' is monitored. After two hours total reaction time, both of these bands had 

20 disappeared. The reactkm mixture is distilled through a 6-inch Vigreux column and a mixture. 58.3 g (67%) 
of 9i3henyl-9-pho^abrcyck)(4.2.llnonane and 9-phenyl-9-phosphabk:yck)[3.3.1]nonane. is collected (b.p. 
123*125 at 0.1 mmHg]. and stored^ in a refrigerated and septum-sealed flask under a nitrogen gas 
atmosphere. Reported b^).: 134* -135 ' C at 0.3 mm (Hg). Gas chromatography shows the mixture is 67% 9- 
phenyl-9-phosphabk:ycto(4.2.l]nonane (tiie earfier ekiting isomer) and 33% 9^enyl-9-phosphabicydo- 

2S p.3.1]nonane. 



EXAMPLE 3 

Esters Made from Tridecanol 



AppOcants synthesized txs-tridecanol esters of adipic and phthalic ackJ for use as piastidzes and 
ss synthetic kibrk^nts. Appficaoits used two tndecanols. one with relatively low and one with a relatively high 
degree of methyl brartching. The more linear tridecanol came from the hydroformylation of dodecene which 
originated from propylene using HZSM-23 discussed above. This ateohol contained 1.4 branching methyl 
groups. Isotridecanol came from Exxon Chemicat and contained 3^ branching metftyl groups. The 
phthalatB ana adipate made from isotndecand are Mobil lubricants. 

tABLE3 



Syntiietic Luixicants: (Comparison of Tridecyl Phthalates and Adtpates 




Oisolridecyiphttialate*^ 


Oitridecylphthalate*^* 


Diisotridecyladipate^ 


Oitndecyladipate**** 


cSl40*C 


83 


43.5 


26.9 


21.2 


CS1100*C 


8.2 


6.1 


5.3 


4.8 


Pour Point 


=<37C 


-54C 


-65C 


-37C 



SO a • niade from isotridecanol containing 3^ branching ntetiiyl groups 
b - made from tridecanol containing 1.4 branching metiiyl groups 



A 500 mL. 3-neck round bottom flask is equipped with a magnetic stiner. Dean-Stark water trap, and 
reflux condenser witii a drying tube containing magnesium sulfate. The flask is charged with toluene (250 
mL), phthalic anhydride (2Z2 g 0.15 mole), tridecanol (60.11 g. 0.3 mole, containing 1.4 branching metiiyl 
groups), and p-tokiene ^Ifbnic »3d (0.1 g). The re^rtion is heated under reflux for 20 hours. Three 
milliliters of water is collected. Removing tfie solvent under a reduced pressure gave 78.2 g (95%) of 
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ditridecylphthalate. a yeibw liquid whose viscosity at 40* C is 43.5 centlstokes. 

In comparison , isotridecyl alcohol, which contains 3-4 branching methyl groups, and phthalic anhydride 
give a product whose viscosity at 40 'C is 83 centistol<es. These data show that the more linear alcohol 
gives a product with improved low temperature properties . Also, one skilled in the art recognizes that more 

5 linear ateohols decrease the volatility of esters such as this phthalate. These properties are useful for 
plastictzing PVC and other plastics. Ditridecylphthalate is also useful as a high temperature lubricant* and 
finds application in jet engines among other places, 

A 250 mL, 3-neck round bottom flask is equipped with a magnetic spin bar, thermometer, rubber 
septum, nitrogen gas injector, and reflux condenser with exit port Tridecanol (60.11 g, 0.3 mole, containing 

10 1.4 brancWng methyl groups) is charged into the flask, and adipoyl chteride (27.45 g. 0.15 mole, purchased 
from Akirich ChemicaO is added portionwise from a syringe. A slow, continuous nitrogen gas purge swept 
hydrogen chloride^ which began to evolve after adding about half the adipoyl chtoride. The reaction 
exotfiermed to 67* C. After completing the adipoyl chk)ride addition, the reaction mixture is maintained at 
150* C fbr14 hours. The yiekl is 73.3 g (96%) of a brown Hqukl. Viscosity at 40* and 100* C is 21.2 and 

IS 4.8 centistokes, respectively (viscosity index - 158). 

^ <^0"^PQ"son . Isotridecyl alcohol, which contains 3-4 brariching methyl groups, and adipoyl chloride 
gave a product whose viscosity at 40* and 100* C is 26.9 and 5.3 centistokes. respectively (viscosity Index 
f 134). Those skilled in the art generally prefer lubricants with a higher viscosity index. 

Table 3 compares the viscometric arid pour point data of the four esters. The more nneair tridecyl esters 

so are markedly less viscous at 40 *C. This demonstrates their excellent tow temperature properties, and 
makes them useful, for example, in maintaining PVC flexibility at ambient and sut>-amt)ient temperatures. 
The highly branches esters, however, have tower pour points whtoh makes them useful lubricants for 
engines sut^ected to very coki temperatures. Ester linearity improves the Viscosity Index (VI). especially of 
the adipate where Ws of the branched and linear esters are 134 and 1^ respectively. Ester linearity also 

25 decreases ester volatility and extraction by detergents, two Important properties for some piastidzer^. 

EXAMPLE 4 

Preparation of Tridecanol Ethoxylates As Nonionto Surfactants 



Here applicants describe making tridecandethoxylates containing about 8-9 moles of ethylene oxide per 

3S alcohol, a level frequently used for nontonic surfactants. Tridecanol-ethoxylates and other alcohol-ethox- 
ylatas are targe volume chemtoals used in the growing, surfactant maricet 

In the presence of potassium atooholate as catalyst atoohols arid ethylene oxide react exothermicafty to 
form aicohol-ethoxylates (equatton). Although their ethylene oxide content typically reflects the original feed 
ratio, these ethoxylates have a molecular weight distribution. In reactions using catalytic amounts of 

40 potassium alcoholate. the relative acidities of the starting alcohol and tiie ak:ohohetiK>xylate control tfie 
distribution's width. Compared to phenols, aliphatic etiidxylates have broader distributions because the 
ettioxylatBS are more ackfic ttian the alcohols tiiemselves. In otiier words, an ethoxylating chain prefers 
eitiier to grow or deproto n ate anotiier alcohol-etiK)xylate rather than deprotonate a starting alcohol. This 
generates a mixture containing long to short-chained ethoxylates. 

45 For ateohol-ettKwcylates. hydroxyl number gives number-average molecular weight Chromatographto 
methods give both weight- and number-average nrK>lecular weights. The chromatographic methods include 
TLC of dinitrobenzoate esters. GLPC of acetate and sllyl esters, and phenyto^amate esters. See 
Gildenberg. L. Trowbridge. J.Rm Gas-Liquid Chromatograf^ic Separation of Etiiylene Oxide Adducts of 
Fatty Atoohols Via Their Achate Esters. J. Amer. ai Chem. Soc., 42, 69-71 (1965): Tomquist J., Separatidn 

so by Gas Chromatography of AteohohEtiiytene Oxide Adducts , Acta Chem. Scancfinavtoa. 20. 572-573 (1966); 
Allen. M.C.. Lunder. D£.. Etiiytene Oxide Oligomer Distribution in Nonionic Surfactans via High Perfor- 
mance Uquid Chromatography , J. Amer. CHI Chem. Soc.. 58(10). 950-957 (1981). hereby incorporated by 
reference. The foitowng describes preparation of tridecanol-ethoxylates and their analyses by hydroxyl 
number and GLPC of their acetate esters. 

55 
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Aicohol-Ethoxylate Syntheses. 



Table 5 summarizes synthesis data on four tridecanot-ethoxylates and one mrxed aicohof-ethoxylate. 
The tridecanols themselves had varying degrees of l>ranching methyl groups which affect biodegradat on, 
an important consideration far many surfactant uses. Applicants prepare and ethoxylate tridecanols 
containing an average of about 1 to 2.5 branching methyl groups in Example 1. Two model compounds 
bracketed the methyl branching of applicants' tridecanols. 1-Tridecanol is perfectly linear, and tndecyl 
alcohol (EXXAL 13) from Exxon Chemical has 3-4 branching methyl groups. AppTicants also ethoxylate 
NEODOL 25 (a mixture of Ci2-*5 alcohols having 1.1 methyl branches). Applicants compare the product 
with NEODOL 25-9. one of Shell Chemical's commercialJy available alcohol-ethoxylales containing nine 
moles of ethylene oxide. The comparison tests ability both to make and analyze aJcohoi-ethoxyiates. 

TABLE 5 



Alcohoi-EthoxylatB Syntheses 


ALCOHOL 


REFERENCE 


RxPRESS 


RxTEMP 


ED Add 


YIELD 


%PEG 






psig 


degC 


TlMEJirs 






NEODOL 25 


1 


75-90 


135-140 


4.5 


89(a) 


6(a> 




2 


75 


135-140 


6. 


93(b) 


3(b) 


EXXAL 13 


3 


85-110 . 


135-185 


3.5 


95(a) 


10(a) 


TRIDECAN0L{1.4) 


4 


85-110 


135-150 


4.25 


95(a) 


7(a) 




5 


75 


135-140 


6. 


95(b) 


7(b) 


TRIDECANOL (2.4) 


6 


95-110 


135-150 


3.75 


99(a) 


11(a) 


TRIOECANOL-1 


7 


70^ 


137-141 


16. 


74(a> 


5(a) 




8 


75 


135-140 


6. 


95(b) 




Notes: 















(a) - Potassium hydroxide u^ as catalyst precursor. 



(b) - Potassium t-butoxide used as catalyst precunsor. 



Potassium tridecanolate In irrdecanol, generated by adding potassium hydroxide and removing the 
water formed, oligomerized ethylene oxide. The ethyl^ie oxide slowfy added as liquid while maintaining the 
pressure below 10O psig and the temperature between 135* -145* C. In three cases, applicants observe a 
delayed exotherm after adding all the ethylene oxide. In those Instances, the temperature and pressure 
increased to 150* -165*0 and 110 psig respectively. Operating below 90 psig (usually at 75 psig) reduced 
the large exotherm. Presumably, the reaction proceeded more slowly and the heat released over longer 
time. Isolated yieWs are excellent 89-99%, excepting the ethoxylate of lridecanol-1 (74%). Here, applicants 
presume that ethylene oxide escapes through a leak because resynthesis gave the ethoxylate m 95%. 

An extractive procedure shows that the five laboratory-prepared alcohol ethoxylates con^ned 5-11 wt% 
polyethylene glycol (PEG). In companson. NEODOL 25^. a typical commencal ateohol-ethoxylate. con- 
tained only 0.3 wt% PEG. Initially, applicants suspect that residual potassium hydroxide, left by an 
incorhplete reaction of potassium hydroxide and alcohol, oligomerizes ethylene oxide making PEG. 
Repeating three synttieses using potassium t-butoxide. a more akxThol-soluble potassium source, reduces 
the average PEG content to 5% (3 trials). Although a reduction, applfcants still had to find the hydroxide 
source which generated PEG. Water analysis shows 3700 ppm water in the tridecanol and 3855 ppm water 
in NEODOL 25. Assuming 600 average molecular weight for PEG, these water levels would theoretically 
generate 4.1 and 4.3 wt% PBs. respectively. These are ctose to the experimentally obsen/ed 4 and 3 wt%. 
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Thus, to minimize PEG content In alcohol-ethoxylates. applicants believe the alcohol must be dry. 



Analyses of Alcohol-Ethoxylates. 

s 

Modifying Gildenberg and Trowbridge's procedure gave an improved GLPC method for determining 
ethylene oxide distributions on aJcoholethoxylates. Id. The ethoxytates. as their acetate esters, separate by 
number of ethylene oxide units (rather than by alcohol isomers). The method uses a relativefy short (10.5 
meter) fused silica capillary column which Is temperature programmed and then held at 330 *C for 2.5 

10 hours. This method routinely detected individual alcohols containing 19 ethylene oxide units (Gildenberg 
and Trowbridge routinely detected alcohots witii 12 or fewer etiiylene oxide units). Ethoxylates containing 
more than 19 ethylene oxide units eluted during the hold time. The Instrument detected them as an 
undifferentiated signal above base line. Altiiough ttie mettiod's upper limit remains unknown, applicants 
analyze alcohol-etiioxylates containing, on average. 8-9 etiiylene oxide units. Figure 4 shows QLPC's of two 

f5 representative ettioxytates. 

Using tills GLPC mettK>d and a standard hydroxyl number detennination. applicants analyze laixjratory- 
and comnrtercially-prepared NEODOL 25-3 and NEOOOL 25-9. NEODOL 25-3 contains tfiree moles of 
etiiylene OMde. Table 6 contains tiiese analyses and typical valuer from a Shell Chemical (k)mpany product 
bulletin (Table 6). Applicants believe tiieir typk:al analyses uses, besides hydroxyl number. Mcaure's HPLC 

20 mettiod. The numt)er-average molecular weights (Table 6) determined by both metfKXis differed by 2-22%. 
Also, samples of NEOOOL 25-3 and NEODOL 25-9 have lower molecular weights and etiiylene oxide 
content tfian typical values (Table 6). This likely reflects t>atch-eo-t>atch variations whk:h tiie NEODOL 25-9 
sales specification reflects: 8.4 to 10J2 etiiylene oxide units. Table 6 also shows tiiat our laboratory-prepared 
NEODOL 25-9 lies tietween purchased and typical NEODOL 25-9 samples. This demonstrates applicants 

25 can synthesize commericahfike etiioxylates. Next, applicants apply tiiese metiiods to tiidecanol-etiioxylates. 

TABLE 6 



40 



Analysis Of NEOOOL-Ettioxylates 




NEODOL 25-3 


NEODOL 25-9 


SHELL 
typical 


MOBIL 
ANAL 


SHELL 
typical 


MOBIL 
ANAL 


MOBIL 
PREP 


Mw/Mn (a) 
Moles EO(b) 
Hydroxyl No. 
Mn(c) 

Moles EO(d) 


37&329 

167.0 
336 
3.0 


339/2^ 
1.9 
180.7 
310 
2.4 


66S577 
8.5 
9^0 
610 
9.2 


561/457 
5.8 
97i 
577 
8.5 


575/478 
6.3 
91.5 
613 
9.3 


Notes: 



(a) Determined Mw and Mn by chromatography using 203 as NEODOL 25 mol.¥vt 

(b) CakAjiated moles of EO from chromatographicaily determined Mn; Motes EO s 
(Mn-203)/44. 

45 (c) Cateulated Mn from hydroxyl number Mn = 5610aOH# 

(d) Calculated moles of EO from Mn detemiined by Hydroxyl Number; Moles EO » 
(Mn-2Gi3V44. 



Like the NEODOL-ethoxylates. the tridecanol-etfioxylates gave different molecular weights depending 
on tiie mettiod used (Table 7). The etiioxylates of 1-tridecanol and EXXAL 13 show 12-15% differences 
between tiie GLPC and hydroxyl number metiiods. Botii 1.4- and 2.4-metiiyl branched tridecanol-ethox- 
ylates have 37-39% metfiod-dependent differences. The reason for tiiese latter, relatively large, differences 
remains unknown. Applkrants believe the molecular weights determined by chromatography (in both Tables 
6 and 7) are low. k>ut appficants favor this method. It gives results which, after a correction, more 
consistentiy agree vnfh tiie stotchkmietry and isolated yiekts. However, only hirtiier analytical work will 
reconcile tiiese differences. 
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TABLE 7 



Analyses of Tridecanol-Ethoxylates 


STARTING 
ALCOHOL 


C130H-1 


(1.4 
CH3)GI30Hf^ 


(2.4 
CH3)CI30H<« 


EXXAL 13*«» 


ETHOXYLATE: 










Mw Mn (c) 
IVh3les EO(d) 
Hydroxy! No. 
Mn(e) 
Moles EO(f) 


63&520 
7.3 
120.4 
466 
6.0 


58a469 
6.0 
73.4 
764 
12.8 


612'496 
6.7 
70.7 
793 
13.4 


591 495 , 
6.6 
96.5 
581 
8.6 


Notes: 











(a) Used 202 as average moi.wt 

(b) Used 200 as average moLwt 

(c) Determined Mw and Mn by chromatography 

(d) Calculated moles of £0 from chromatographtcally determined Mn: Motes EG » 
(MN*aicohof MW>44. 

(e) Calculated Mn from Hydroxyl Number Mn = 5610OOH#. 

(f) Calculated moles of EG from Mn determined by Hydroxy! Number Moles EO « 
(Mn-alcohd MW)r44. 



Tridecanols. prepared from ZSM23-ongomerized propylene, exothermically react with ethylene oxide 
forming tridecanoi-ethoxylates. Other tridecanois. both more and less methyi-branched than the ZShASt^ 
tridecanois. also readily ethoxylate. A QLPC m^hod. which gives molecular weight and ethylene oxide 
content of these alcohol-ethoxyla^ shovir them comparable to a commercial standard. 



Raw Materials. 

The synthesis of tridecanol from ZSM23-dodecene is described previously in Exampte l. 1-Tridecanol 
is purchased from Aldnch Chemical. EXXAL 13 is obtained from Exxon Chemical Co. NEOOOL 25. 
NEOOOL 25-3. and NEOOOL 25^ are obtained from Shell Chemical Co. Ethylene oxide is purchased from 
Matheson Gas Products. All raw materials are used as received. 



Procedure for Ethoxyfating Tndecanols. 

This procedurs follows those by Satkowsid and Hsu, and a Shell Chemical Company Bulletin, see Ind. 
Eng. Chem4 Satkowsid. W.B., Hsu. C.G.. "Pdyoxyethylation of Afcohor. 1957, 49, 1975. and describes 
synthesizing a tridecanol-ethoxylale containing nine ethylene oxide residues. A 500 mL autoclave is 
charged with tridecanol (50 g (approximately 60 mL). 0.25 nrtole] and potassium hydroxide r0.i5 g. 0.00268 
mole), and heated at 135* C under vacuum (15 mm Hg or tower) for one hour. This removes water. Nitrogen 
gas is added until the vessel's piressure is 45 psig. Liquid ethylene oxide (99 g (113 mL). 2.25 mole] is fed 
on pressure demand from a calibrated, nitrogen gas blanketed Jurgenson gauge which is fitted with a check 
valve. Ethylene oxide fkswed once the reactor's pressure dropped betow the pressure of the nitrogen gas 
blanket Temperature is maintained at 135* -150* C (exothemnic). and pressure kept at less than lOO psig. 
typically 75 psig. After all the ^hylene oxide is added arwl the pressure approached a steady value, 
tyf^cally 50 pag, the cooled {<60*C) product is transferred to a nitrogen gas filled bottle that contained 
suffkaent glacial acetic add (0.161 g, 0.00268 mole) to exactly neutralize the potassium alkoxide catalyst 
Ihe product is not purified further, but taken as 100% active material The product volume (approximately 
150 mL) Is less than the sum of the reactants because its specific gravity increased to aipproximateiy 0.98 
grmL 
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Acetyiation of Alcohoi-Ethoxylates. 

Applicants followed McCIure's procedure which is summarized here. McClure. J.D.. Determination of 
Ethylene Oxide Oligomer Distributions In Alcohol Ethoxylates by HPLC Using a Rotating DisC'Rarne 

5 ionization Detector . Presented at the AOCS Meeting. New Orleans. May 1981. Also. Shell Chemical Co. 
Technical Bulletin SC:580.S2. The above-references are hereby incorporated by reference. An acetyiation 
reagent is prepared by slowly adding acetic anhydride (120 mL) with stirring to a solution of p-toluene 
sulfonic acid monohydrate (14.4 g) and ethyl acetate (360 mL). This reagent is stored in a tightly sealed 
bottle shielded from light A 1(X) mL flasfc. equipped with a magnetic spin bar and drying tube, is purged 

to with nitrogen gas. Four grams of alcohol^thoxylate is dissolved in 4 mL of toluene and transferred to the 
flask along with 12 mL of acetyiation reagent This solution is heated at 50* C for 30 minutes, transferred to 
a separatory funnel along with 40 mL of toluene, and washed three times: 100 mL of 30^wt% txine; 100 mL 
of bicartxMiate-brine (50 g sodium bicarbonate. 250 g sodium chloride. 1750 g water); 100 mL of 30 wt% 
brine. The toluene solution Is dried (magnesium sulfite), filtered, and evaporated under reduced pressure 

f 5 giving acetylated alcohol*ethoxylate. a viscous liquid. 



GLPC Anaiysiis of Acetylated Alcohol-Elhoxylates. 

20 GLPC of acetylated alcohol*ethoxylates is done on a Shimadzu GC-9A fitted with a 10.5 meter mtcro- 
capiilary ffused*silica column coated with OV*11. Helium is the carrier gas flowing at 365 ccmin through a 
10:1 pre-column spGtter. Flow through the column is not measured. Initial temperature is 150*0 which Is 
held for 3 min and ttien heated at 4*Gmin until reaching 330*0 yrhere it Is maintained for 152 minutes. 
Injection port is maintained at 300*0, and detector is a RD. Integrations are done using a Hewlett Packard 

25 Laboratory Data System 3357. The undifferentiated signal above base line, which eluted after the ethoxylate 
containing 18 or 19 ethylene oxide units, is assigned 1000 MW. It Is treated as a single peak for 
calculations. The response factor is taken as unity for ail peaks. M^'s are calculated by summing the 
products of molecular weight and weight fractions for each peak (Mw of the peak multiplied by its weight 
percent). Mn's are calculated by summing the products of tfie mole fraction and the molecular weight for 

30 each peak. 



Determination of PEG in Ethoxyiates. 

35 Applicants followed a Shell Chemical Company procedure which is summarized here. Ethyl acetate (50 
mL). brine (50 mL containing 0.29 g sodium diksrideifmL). and alcohol-^thoxylate (10 grams weighed to 
nearest 0.01 g) is transferred to a 250 mL separatory funnel which is stoppered, shaken for 2 min and 
alk>wed to stand for 15 minutes. All subsequent extractions followed ttris shake^ stand procedure. The tower 
brine phase is transferred to a second separatory funnel. The ethyl acetato solution is extracted a secorxJ 

40 time with 50 mL of brine. The combined brine extracts are t>ack-extracted twice with 50 mL portions of 
chtoroform. and the chtorofdrm layers (bottom) are filtered through a plug of cotton, are dried over 
anhydrous nftagnesium suHato. and am evaporated to dryness in a tared (to nearest milligram). 150 mL flask. 
Acetone (10 mL) is added to check for the presence of sodium chloride seen as suspended crystals. If 
present they are removed by filtration. The acetone is evaporated from a tared flask. The residue is dried in 

45 a vacuum oven at 50*C and 200-300 mm Hg for one hour. After cooling to room temperature in a 
desiccator, the final weight of recovered PEG is taken by difference from the tared flask. The percent PEG 
is calculated by dividing the weight of recovered PEG by 10 (weight of original sample) and multiplying by 
100. 

50 

Hydroxyl Number t)etenninatfon. 

T7)e pyridine-acetic anhydride ASTM procedure Is used except the acetyiation time is increased from 
30 to 60 minutes. 

55 

EXAMPLE 5 - 
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Comparison of Tridecanoi Ethoxylate To Commefcial Standards in Household And Industrial Laundry Detergents 



Synthesizing tridecanol-ethoxylates from dodecenes prepared from propylene using HZSM-23 catalyst 
s are descrilied in Examples 1-3. These are tested as surfactants in two laundry detergents. 

Oetergency evaluations have evolved into systematic and miniaturized procedures. See Wssa E., 
Petergency Evaluation . Oetergency Theory and Technology, Marcel Dekker. Chapter 1, New Yoric (1987). 
hereby incorporated by reference. Initial tests no longer require actual wash loads (although final evaluations 
still do). Test fabrics with uniformly applied artificial soils are commercially available. A Terg-O-Tometer. for 
10 example, washes small swatches while controlling temperature and agitation speed. This requires only one 
liter of test solution. Reflectance readings, taken before and alter washing, measure percent soil removal. 
Applicants evaluate tridecanot-S mole-ethoxylate, as a surfactant in a phosphate built industrial detergent 
and in a non-txiitt household detergent. Commercial standards. C«2-*5-alcohol-9 mole-ethoxyiate and 
dodecylbenzenesulfonlc add sodium salt serve as comparisons. 

fS 

Detergent Types and Composition. 

The industry classifies laundry detergents according to end-use market (industrial or househokl). 

20 physical form (fiquid or powder), and butkfer (built or non-butit). BuiUers are further classified as either 
phosphate or noivphosphate containing. From this array, applicants select two for making surfactant 
comparisons, an industrial fiquid built with phosphates and an unbuilt household liquid. The convenience of 
fiquid detergents (dispensing and mixing ease, and opportunity to apply detergent concentrate to spots 
before washing) is contributing to their rapki growth. This influences selecting two Ikiuids. Manufacturers 

25 prefer phosptote txiiklers. but where laws fimtt or l>an their use. altennabves are used (usually at a 
performance penalty). This experiment i^es a phosphate txilit industrial detergent to maximize soil removal, 
and a non-t)uilt househotal detergent to maximize surfactant dfferences. 

Appficants blended three unbuilt househoM detergents differing only in the surfactant Either Mobil's 
tridecanol-9 mole-ethoxylate. Shell's C*2-5-alcohol-9 mole-ethoxylate, or Vista's dodecylbenzenesulfonic 

^ add sodium salt are used. All contain triethanolamlne to make the wash fiquor basic. This type fonmulation 
magnifies surfactant differences because it lacks a builder to extend the surfactant and soften hard water. 

In contrast ttie three industrial detergents contained a high performance builder package, and 
dodecylbenzenesuffbnic add sodium saft Two of the three also contain an AE« either tridecanoi-9-mole- 
ethoxylate or C<2-<5*alcohol-9 n(K)le-ethoxylate. Many commerdai detergents use combinations of LABS 

0$ and APs to bailee perfbnmance and cost LABS remove particulates well and tower overall surfactant cost 
while AFs effectively renKJve oily soils. The surfactant concentratk)ns in all three are equal O e.. the 
detergent without AE had more LABS) excepting the detergent using Mobil's AE. Its concentration is not 
increased to offs^ a contaminant 7 wt% polyethylene glycol. The buikier in all three detergents contained 
tetrapotasstum pyrophosphate, sodium metasificate. potassium hydroxide, and cartx)xymethylcelfuiose. 

Raw Materials. 

MobiTs tridecanol-9 mole-ethoxylate is prepared from tridecanoi having 1.4 branching methyl groups: it 
b contains 7 wt% PEG. Shell (Chemical supplied a sample of their C«2— 5-alcohol-9 mole-ethoxylate as 
NEODOL 25-9. Vista Chemical supplied a 50 wt% sample of their dodecylbenzenesulfonic acid sodium salt 
as C-550. Hercules suppfies carboxymethyteellulose as CMC 7LT. PQ suppfies sodium metasibcate 
pentahydrate as M^so granular. 

50 

Testing Methods. 

This study uses two artifidaf soils on three test fabrics. Cartxxi black in an oil matrix simulates 
particulate soil, and set>unvdust simulates oily soil. Test Fabrics Inc. (Middlesex, New Jersey) prints these 
50 soils on 100% cotton. 6&35 polyestercotton with permanent press finish, and 100% polyester fabrics. 

U.S. Testing Company did the fabric washing and drying under carefully controlled conditions. A Terg- 
OTometer washes u»ng 15 minute wash time. Conditions are 100 rpm agitation speed. 1 30 'F for the 
industrial detergents and 100 ' F for the household detergents. They made wash and rinse water to 150 opm 



16 



EP 0 402 051 A2 



hardness (U.S. national avere^e). and washes she 3x4 Inch test swatches per liter of solution. They rinse 
each load twice for five minutes. After washing and rinsing, the swatches are dried In an electric dryer, and 
ironed with a wanm Iron to renrtove wrinkles. All samples are mn In triplicate. 

White light reflectance, taken before and after washing, measures soli removal. A green filter cut out the 
5 effect of artificial brighteners. They measure soil redoposition by taking reflectance readings of fabric 
margins (areas not printed with soiO before and after washing. Radio tracer methods provided a superior 
alternative to the reflectance technique for measuring TOTAL soil removal. See Shebs. W.T.. Radidsotope 
Technkjues in Detergency. Chapter 3, Marcel Oekker. New Yoric (1987). However, the reflectance technique 
more closely measures soil removal from the fabric surface, what the consumer sees. 



Soil Removal and Redeposltion. 

Tables 8 and 9 and Rgures 5 and 6 summarize soil removal data The industrial detergents clearly cut- 
is performed their household counterparts whfch shows the benefits of bulkier, surfactant combinations, and 
higher wash temperature. For sebum removal, the AEs are superior to LABS. For particulate removal, 
AE'IABS combtriation show a synergy and out-perfbrmed LABS Itself In tfie Industrial formulation. However, 
as unassisted individual surfactants (househoM detergents). LABS removes more particulates. These results 
experimentally confirm what the market place has been saying, namely. APs are excellent surfactants 
20 especially for removing sebaceous soil. Matson. T.P., Monohydric Ateohols. Wickson. E.J.. Ed.. ACS 
Symposium Series 159, American Chemical Society. Washington. D.C.. 101-112 (1981). hereby incor- 
porated by reference. 

TABLES 



Percent Soil Removal Phosphorous Built Industrial 


Liquid Laundry Detergent 




SOIL AND 


SURFACTANTS 




FABRIC 










Mobil E + 


Shell AE + 


Vista 




Vista LABS 


Vista LABS 


LABS 


Carbon 








Black/Oil 








Cotton 


51 


58 


52 


Polyester*Cotton 


43 


49 


34 


Polyester 


48 


50 


29 


SebunrvDust 








Cotton 


64 


67 


60 


PdyesterCotton 


85 


89 


82 


Polyester 


57 


57 


39 
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TABLE 9 



Percent Soil Removal Unbilt Household 


Liquid Laundry Detergent 




SOIL AND 


SURFACTANTS 


FABRIC 










Mojbil 


Shell 


Vista 




AE 


AE 


LABS 


Carbon 








Blade 








Cotton 


23 


24 


36 


Polyester Cotton 


24 


25 


31 


Polyester 


22 


21 


40 


Sebum Dust 








Cotton 


48 


58 


36 


Polyester- Cotton 


62 


65 


45 


Polyester 


29 


29 


19 



Comparing Shell Chemical's C<2-«s-alcohol-9 mole-ethoxylatB and MobiPs ZSM23-tndecanol-ethox- 
ylate. the two siarfactants are very comparable in the two laundry detergents tested. Closer examination 
shows that the Shell AE removed 4-7% more soil in 4 of the 12 tests. Differences greater than 3% are 
statistfcally significant However, if concentrations are taken into account fi.e., the soil removed with the 
Mobil AE are increased 7%). then the Mobil AE performed equally to the Shell AE. an industry standan:!. 

Tables 10 and 11 collect redeposition indexes (or white retention values) for ttie industrial and 
household detergents, respectively. These indexes quantttate soil removed from soiled fat>ric and re* 
d^x>stted on unsotled fat>nc. A ratio of reflectances taken before and after washing unsoiled ctoth gives the 
redeposition index. Higher values mean better performance, and readings of 98-100 are good. Values of 94- 
95 (or tower) show noticeable redepo^tton. Alt test specimens gave redepositton indexes of 96 or higher 
expect one. the Shel AE. It had a redepositton Index of 95 In (he industrial detergent cleansing sebumdust 
from cotton. 



TABLE 10 



Soil Redeposttk>n Index Phosphorous Built Industnal 


Liquid Laundry Detergent 




SOIL AND 


SURFACTANTS 




FABRIC 










Mobil AE + 


Shell AE -f- 


Vista 




VishaLABS 


Vista LABS 


LABS 


Carbon 








BiadcOil 








Cotton 


99 


99 


97 


Polyester Cotton 


99 


101 


99 


Polyester 


99 


100 


96 


Sebum Oust 








Cotton 


97 


95 


98 


Polyester Cotton 


98 


100 


98 


Polyester 


98 


98 


96 
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TABLE 11 



5 



Soil Redepositton Index Unbuit Household 


Uquid l^ndry Detergent 




SOIL AND 


. SURFACTANTS 


FABRIC 










Mobil 


Shell 


Vista 




AE 


AE 


LABS 


Carbon 








Black^Oil 








Cotton 


99 


99 


99 


Pofyester/Cotlon 


100 


99 


99 


Polyester 


99 


99 


99 


SebunvDust 








Cotton 


100 


100 


101 


Polyester.'Cotton 


99 


100 


99 


Polyester 


99 


99 


98 



25 

Mobil's tridecanoNtthoxylats surfactant perfbnned rtlce Shell Chemical's comm^dal AE in both an 
Industrial and household launcfary detergent Both effectivety remove partteutate and sebaceous soils from 
cotton, cotton-polyester blend, and polyester tebrics. In most instances both are superior to LABS. 

EXAMPLES 



Blodegradation and Ecotoxicity of Tridecanol Ethoxylates 

35 

The example concents results of mar^ bacteria toxidty^ results of a river die-away test with 1.4- 
methyM>ranched tridecanol-9(E0). and microbiological conversion of tridecanols to cartxjn dioxide. 

A marine bacteria assay, a laboratory model for fish toxicity, shows toxidty for five parent APs — 1- 

40 tridecanol- 9-mole-ethQxylate. 1.4-methyl branced tridecanol-9-mole-ethoxylate, 2.4-methyl branched- 
tridecanol-9-moCe-ethoxylate. NEOOOL-25-9. and EXXAL-13-9-mole ^hoxyiate. However, after an accU- 
mated sewage inoculum biodegrades these AE*s for 14 days, only the EXXAL-13-9-mole etfK)xyIate residue 
exhiWts toxicity. The other residues are rwn-toxic to marine bacteria The EXXAL 13 residues, on the other 
hand, show a slight Increase in toxicity relative to the parent material. This correlates well with the QLPC 

45 analyses of the biodegraded materials. Only trace residues remain of 1.4-methyl branched-tridecanol-9(EO), 
2.4-methyl branched-tridecanol-9(EO). 1-tridecanol-9(EO}. and NEOOOL-25. However. EXXAL 13 shows 
substantial reskjues. See Tat)le 12. 
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TABLE 

Tridecanol Bthoxylatea 
Karijie Bacteria gnmnuirY 



taSSMSlik BIC^EGIUDBO* 

fBCiffi la 9VH} rBC ^^ In PPMl 

l*Tridecanol-9(E0) 0.59 NT 

NBODOI. 25-9 1.90 NT 

1.4-*TridacaxioI-9(EO) 2.91 NT 

2.4-Trid0caiioI-9(EO) 3.30 NT 

EZZAL 13-9(EO) 7.97 7.03 



NT • DoBonstzated no toxicity to aarino bacteiria. 

* » k sttimge inocnlia is acclinatod over 3 m«Uci to increaaing 
concentrationa of oach teat aatorial with a final 
aceliaation concentration of 10 ppm. Bach accliaated 
coltnre is then added to separate flasks containing 
ttinexal salts aediuai and 10 ppa of the corresponding 
test material. After 14 days the oicroorganissw are 
roDoved by centrifngation and the snpematant used in 
the narine bacteria assay. Valnes represent an BC50 
(concentration resulting in 50% inhibition). 



bi the river die-away test 10 ppm (carbon of 1.4-methyl branched-tridecanoi-9(EO) are added to 
Erienmeyer flaslts containing coarseiy filtered Oelaware. River water. The system is icept well aerated in a 
rotary shaker and biodegradation activity is determined by ibilowing the disappearance of dissolved organic 
carlx»i. The results of mis btodegr^ation together with the sterile control (mercuric chlonde poisoned) are 
presented in Rgure 7. The data for the bioactive sample following a classic biodegradation curve. After a 
lag period, the dissolved organic cartxm level is reduced from 9.3 ppm to 0.8 ppm. representing a 91% 
reduction in cfissolved organic carbon. The sterile control shows a 30% reduction in DOC dunng the first 12 
days of the experiment but no further reduction between 12 and 37 days. The overall results indicate that in 
a river environment after a reasonable acclimation period, the potential exists for rapid and substantial 
biodegradation of the 1.4 tridecanol-9(EO). 

Table 13 gives conversion d^ for tndecanols going to carimi dioxide. As expected, the unbranched i- 
tridecanol demonstrated the greatest extent of conversion to OOz in 28 days (76.6%). NEOOOL 25. and l .4 
methyl-branched tridecanoh9(EO) and 2.4 methyl-branched tridecanol-9fEO) show no obvpus differences. 
These proceed at the same rate and extent with 58-60% of these slightly branched alcohols being 
converted to CO^ in 28 days. The extensively branched EXXAL 13 demonstrates a sharply tower rate and 
extent (20.4%) of conver^on to COa. Napththalene is run as a positive control with 65% being converted to 
CO? in 28 days. The test uses an inoculum obtained from the Mobil Technical Center and Paulsboro 
refinery waste treatment plants (both in New Jersey). This inoculum is acclimated to growth on the 
individual alcohols over several weeks. 
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TABLE 13 





DAYS INCUBATED 


2 


7 


14 


21 


28 


CUMULATIVE % BIOOEGRADED TO 
CARBON DIOXIDE 


1-Trldecanol 


28.3 


36.3 


63.4 


68.3 


76.6 


NEODOL 25 


27.8 


39.1 


50.9 


53.8 


59.1 


1 .4 Methyi Branched Tridecanol 


26.4 


41.4 


47.4 


50.9 


58.0 


2.4 Methyl Branched Tridecanol 


21.5 


40.4 


48.0 


56.7 


60.1 


EX)CAL13 


0 


13.0 


19.0 


19.0 


20.4 


NAPHTHALENE 


16.8 


46.5 


58.0 


61.9 


64.7 



The EPA and OECO regulations generally assume that 60% of a growth sut)strate goes into energy 
generation (Miith the resuHant complete oxidation, of the material to COa) and 40% of the sut)strate is 
incorporated into cellular material* Under these circumstances any COz conversion value of 60% or greater 
would indicate complete metabolism of the sut)Strate. The values for (he tridecanol*9(E0) products are at or 
very dose to this 60% mark. 

Although the invention has been described In conjunction with specific embodiments, it is evident that 
many alternatives and variations will be apparent to those skilled in the art in light of the foregoing 
descnptfon. For exami^ the detergents can be fonmulaled using conventional components in conventional 
concentrations. A fonmulatfon surfactant can Include surfactant Ct2 sodium alkylbenzene sulfonate, 
triethanol amine, ethand. potassium chloride, optical brightener, water, dye and perfume for an unbuilt 
heavy duty liquki detergent A heavy duty powder detergent can include surfactant STPP phosphate, 
socfium metosificate pentahydrate. NasSOc Na2C03. fomed silfoa and water. A hand-wash liquid can 
include surfactant laurk: diethanolamide, cocoamldo betaine. water, brightner, perfume etc. Other formula- 
tions can be prepared by those skilled in the art Accordingly, the invention is intended to embrace all of the 
alternatives and variations that fell within the intended spirit and scope of the appended claims. 



Claims 

1. A process for the preparatfon of saturated afoohol d^vatives. which process comprises: 

(a) reacting propylene andor a tMJtylene over ZSM-23. as catalyst to form an oGgomer, 

(b) hydroformylating the oSgomer to form a saturated alcohol; and 

(c) ethoxylating or esterffytng the saturated afoohd. 

2. A process for the preparation of an ester of the ethoxylated saturated alcohol of claim 1»: which 
process further comprises: (d) sulphonating the ethoxylated saturated alcohol. 

3. A process accorcfing fo dalm 1 or 2 wherein the oligomer formed in step (a) has the formula: 

(CnH2„)n, 

wherein: 

n is from 3 to 4: and 
m is greater than 1 fo to. 

4. A process according to any preceding claim wherein at least 20% by weight of the oligomer 
comprises an olefin having at least 12 carbon afoms. 

5. A pHDcess accorc£ng to any preceding daim wherein tiie oligomer comprises an olefin having from 
0.80 to 2.0 pendant methyl groups, the olefin having no side groups other than methyl. . 

6. A process according to daim 5 wherein the oligomer comprises an olefin having less than 1.4 
pendant methyl groups. 

7. A process according to any preceding claim wherein the hydroformylation is effected mth a catalyst 
comprising a phosphine llgand and at a temperature sufficient to promote the kxmulation of the atoohol 
while retarding fonnation of the paraffin. 

8. A process according to any preceding claim wherein the phosphine llgand comprises tributyl- 
phosphine. 

9. A process according to any preceding claim wherein the phosphine ligand comprises a substituted or 
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unsubstituted phenyiphosphabicyclononane. 

10. A process according to daim 9 wherein the phosphine Iigand comprises 9-phenyl-&-phosphabicyclo 
[4^1] nonaie, 9-phenyl-9rphosphabtcyclo(3.3.1] nonane or a 2^.6.6-tetram0thyl-l-phenyI- 
phosphabicyciononane. 

11. A process according to any preceding claim wherein the hydrofonuylation is effected at a 
temperature less than 1 60 * C. 

^2. A process according to daim 11 wherein the hydrofbnmylation is effected at a temperaturB less than 
135 C. 

13. A process according to any preceding daim wherein the saturated alcohol composes a C«o to C's 
alcohol. 

14. A process according to daim 13 wherein the saturated alcohol compnses tridecanol. 

15. A process according to any preceding daim wherein the saturated alcohol is ethoxylated with 
ethylene oxide with an alkali metal alkoxide as catalyst 

16. A process according to any of daims 1 to 14 wherein the saturated alcohol is estenfied to fpm a 
cart)oxylate or sulphate. 

17. A process according to daim 16 wherein the ester compnses an adipate. 

ia A process according to daim 17 wherein the adipate ester has a viscosity index of about 159. 

19. A process according to daim 16 wherein the ester compnses a phthalate. 

20. A (access according to dam 19 wherein the phthalate ester has a pour pdnt of about -54* C. 

21. A detergent whk:h comprises, as surfactant a nonionic C-o to C»$ alcohol eth03cylate or sulphate, or 
an anionic C-s to C^s alcohd ethoxylate sulphate prepared In accordance with any preceding daim or a 
salt thereof. 

22. A detergent according to daim 16 wherein the surfactant comprises a nonionic 0*3 ateohol 
ethoxylate or sulphate, or an anionic Ci3 akx)hd ethoxylate sulphate prepared in accordance with any 
preceding claim, or a salt theraot 

23. A lubricant which comprises an ester prepared in accordance with any of daims 16 to 18. 

24. A plastidzer whk:h comprises an ester prepared in accordance with any of daims 16. 19 and 20. 

25. The use. as a surfactant lubricant or plastidzer. of a saturated alcohd derivative werein the 
saturated ak»hol is prepared by reacting propylene andor a butylene over ZSM-23 to form an oligomer 
and hydroformyiating the digomer. 
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CATALYST 



TRIDECANOLYIELDASA 
FUNCTION OF REACTION 
CONDITIONS. PRESSURE 
VARIED FROM BOO TO 1000 
PSIGi TEMPERATURE FROM 
m TO 200'C} CATALfST m 
EITHER [Co mxPBosJp OR 
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F/S. 2 RELKVING mwmpmms CO INSBRTION AND ALCOHOL S) 
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